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Attorney Docket No. 052250-5014-01 

LOW PRESSURE, EXTENDED COVERAGE, UPRIGHT 
FIRE PROTECTION SPRINKLER 

Priority 

[0001] This application is a continuing divisional application of prior copending application 
S.N. 09/718,785, filed on 22 November 2000, and claims the benefits of priority under 35 U.S. C. 
§ 120 of the prior application. 

Technical Field 

[0002] This invention relates to fire protection sprinklers, and more particularly to upright- type 
fire protection sprinklers for extended coverage applications. 

Background 

[0003] The present National Fire Protection Association (NFPA) standard governing minimum 
requirements for design and installation of automatic fire sprinkler systems is the 1999 Edition of 
NFPA 13 entitled "Standard for the Installation of Sprinkler Systems," the complete disclosure of 
which is incorporated herein by reference. According to the National Fire Protection 
Association, NFPA 13 was first issued in 1896 under direction of the NFPA Committee on 
Automatic Sprinklers. The standard is periodically revised and updated as new information and 
technology become available. 

[0004] The 1999 Edition of NFPA 13 recognizes various classes of occupancies, termed: "Light 
Hazard," "Ordinary Hazard," "Extra Hazard," and "Special Occupancy Hazard," as well as various 
types of storage commodity classes, including: "Miscellaneous Storage" and "High-Piled 
Storage," the latter being categorized as including solid-piled, palletized, rack storage, bin box, 
and shelf storage in excess of twelve feet in height. NFPA 13 specifies the various levels of 
protection requirements for automatic fire sprinkler systems in these different types of 
occupancies, based, e.g., on severity of the potential fire hazard. 

[0005] As generally defined by NFPA 13, Light Hazard occupancies are those where the 

quantity and/or combustibility of contents are low and fires with relatively low rates of heat 

release are expected. Ordinary Hazard covers those occupancies where the quantity and/or 
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combustibility of the contents is equal to or greater than that of Light Hazard, ranging from low 
to high, where the quantity of combustibles is moderate and stock piles do not exceed twelve 
feet, such that fires with moderate to high rates of heat release are expected. Extra Hazard 
occupancies are those where quantity and combustibility of the contents are very high, and 
flammable or combustible liquids, dust, lint or other materials are present, such that the probability 
of rapidly developing fires with high rates of heat release is very high. 
[0006] NFPA 13 does not specifically define Miscellaneous Storage and High-Piled Storage 
occupancies in terms of quantity and combustibility of material contents. Rather, it specifies 
various levels of fire protection requirements based on the type (combustibility) of materials (e.g., 
metal, paper, wood, plastics, rubber, etc.), amount of material, height of storage, and clearance 
between the top of the storage and the ceiling, as well as how the materials are stored (e.g., 
palletized, rack storage, solid-piled, etc.) and the method of packaging (e.g., cartoned, 
uncartoned, encapsulated, etc.). 

[0007] NFPA 13 specifies maximum areas of protection per sprinkler for the various hazard 
occupancies. For example, in the case of a hydraulically calculated standard spray upright or 
pendent sprinkler system, the maximum protection area per sprinkler is: 225 square feet for a 
Light Hazard application with unobstructed ceiling construction; 130 square feet for an Ordinary 
Hazard application with all types of approved ceiling construction; and 100 square feet for Extra 
Hazard and High-Piled Storage applications with a water discharge density requirement equal to 
or greater than 0.25 gallon per minute per square foot, for any type of approved ceiling 
construction. The maximum area of protection per sprinkler for Miscellaneous Storage is 
determined by its Ordinary Hazard or Extra Hazard classification. This invention is 
specifically directed to protection of at least Extra Hazard and High-Piled Storage 
occupancies. 

[0008] NFPA 13 also defines the protection area of a sprinkler as being at least rectangular (it 

may be square) and equal to: 

[0009] SxL 

[0010] where: S represents the greater of the distance from the sprinkler in question to the 
farthest spaced, immediately adjoining sprinkler, upstream or downstream, on the same supply 
line, or twice the distance from the sprinkler in question to a wall where the sprinkler in 
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question is the last sprinkler on a supply line extending in a direction towards the wall, and L 
represents the greater of the perpendicular distance to the farthest spaced branch line 
immediately adjoining either lateral side of the branch line supporting the sprinkler in 
question, or twice the perpendicular distance to the farthest spaced wall immediately adjoining 
either side of the branch line which supports the sprinkler in question and which lacks an 
immediately adjoining branch line between it and the wall. 

[001 1] For example, in the case of a hydraulically calculated standard spray upright or pendent 
sprinkler system, the maximum spacing between sprinklers is: 15 feet for a Light Hazard 
application with unobstructed ceiling construction and for an Ordinary Hazard application with 
all types of approved ceiling construction; and 12 feet for Extra Hazard and High-Piled Storage 
applications with the water discharge requirement being equal to or greater than 0.25 gallon per 
minute per square foot. 

[0012] A standard spray sprinkler, in either an upright or pendent deflector configuration, 
discharges a hemispherical-like pattern below the sprinkler deflector. Standard spray sprinklers 
are defined by Underwriters Laboratories Inc. ("UL") as having a nominal K Factor in the range 
from 1.4 to 1 1.2 where: 

[0013] q-kV? 

[0014] where: P represents the pressure of water fed into the inlet end of the internal 
passageway through the body of the sprinkler, in pounds per square inch gauge (psig); Q 
represents the flow of water from the outlet end of the internal passageway through the body of 
the sprinkler, in gallons per minute (gpm); and K represents the nominal K- factor constant in 
units of gallons per minute divided by the square root of pressure expressed in psig. 
[0015] The maximum allowable spacing and minimum water discharge requirements for 
standard spray upright and pendent sprinklers are prescribed by NFPA 13 based on fire tests 
suitable to the selected hazard performed on like type sprinklers. Consequently, Listing agencies 
such as Underwriters Laboratories Inc. evaluate standard spray upright and pendent sprinklers to a 
set series of sprinkler performance tests at established spacing and water discharge values, to 
validate that the sprinklers will be suitable for use in applications prescribed in NFPA 13. 
[0016] By comparison, extended coverage sprinklers, which are considered by NFPA 13 to be a 
type of Special Sprinkler and intended for the protection of areas greater than those for standard 
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spray sprinklers, for an equivalent hazard, must be evaluated in a series of fire tests related to the 
intended hazard, at maximum sprinkler spacing and minimum water discharge requirements 
specified by the manufacturer. These fire tests established by the Listing agency (e.g., UL) are in 
addition to whatever water distribution, thermo-sensitivity, mechanical property, and 
environmental resistance tests are deemed appropriate, and which would also be applied to 
standard spray upright and pendent sprinklers. 

[0017] In 1973, Section 4-1.1.1.3 was adopted and incorporated into NFPA 13, stating: "Special 
sprinklers may be installed with larger protection areas or distance between sprinklers than are 
specified in sections 4-2 and 4-5 when installed in accordance with the approvals or listing of a 
testing laboratory." At the time, Sections 4-2 and 4-5 defined the maximum spacing and 
protection areas indicated above, for standard spray sprinklers. 

[0018] In 1987 that section of NFPA 13 was amended to read: "Special sprinklers-installation 
of special sprinklers with protection areas, locations and distances between sprinklers differing 
from those specified ... shall be permitted when found suitable for such use based on fire tests 
related to hazard category, tests to evaluate distribution, wetting of floors and walls, and 
interference to distribution by structural elements and tests to characterize response to 
sensitivity." 

[0019] Underwriters Laboratories, Inc. is the independent laboratory most widely utilized in the 
United States for testing and listing of fire protection sprinklers and it was the first to list Special 
Sprinklers. The main UL sprinkler test standard for sprinklers conforming to NFPA 13 is UL 
199, entitled "Standard for Automatic Sprinklers for Fire-Protection Service." 
[0020] Prior to the inventions described in Meyer et al. U.S. 5,366,022, issued November 22, 
1994, and the inventions described in subsequent related patents, including: Meyer et al. U.S. 
5,579,846, issued December 3, 1996; Meyer et al. U.S. 5,584,344, issued December 17, 1996; 
Meyer et al. U.S. 5,609,21 1, issued March 11, 1997; and Meyer et al. U.S. 5,644,630, issued 
September 9, 1997; UL had only listed extended coverage types of Special Sprinklers for use 
in Light Hazard applications. Commercial embodiments of the above patents to Meyer et al. were 
extended coverage sprinklers with nominal K-factors of 1 1.2 and 14.0 for use in Ordinary Hazard 
applications. 
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[0021] The listing of upright and pendent, extended coverage type Special Sprinklers for use in 
Extra Hazard and High-Piled Storage applications was permitted under provisions of the 
1973 through 1994 Editions of NFPA 13, although these editions of NFPA 13 did not include any 
installation guidance requirements specific to use of extended coverage type Special Sprinklers in 
Extra Hazard and High-Piled Storage applications. In anticipation of future expansion of Listings 
in these categories, in the 1996 Edition of NFPA 13, the NFPA incorporated maximum protection 
area and maximum spacing criteria for extended coverage upright and pendent spray sprinklers, 
as a function of ceiling construction type. Although the 1996 Edition of NFPA 13 did not provide 
performance requirements specific to the concept of extended coverage upright and pendent spray 
sprinklers for Extra Hazard and High-Piled Storage applications, it did specify maximum 
protection area of 196 square feet and maximum spacing of 14 feet for these applications. This 
was a reduction from the 400 square feet maximum protection area and 20 foot maximum spacing 
criteria previously applied to any type Special Sprinkler, due to concern that, in Extra Hazard 
and High-Piled Storage applications, a larger protection area and spacing might overtax adjacent 
sprinklers, should one sprinkler not operate as anticipated. 

[0022] In preparation for the NFPA Annual Meeting held on May 20-23, 1996, during which 
time the 1996 Edition of NFPA 13 was acted upon, the NFPA issued a "Report on Comments." 
The "Report on Comments," which members were asked to bring to the Annual Meeting, was 
a compilation of NFPA Technical Committee Reports or Comments provided for review by the 
NFPA membership prior to consideration at the meeting. The "Report on Comments" included 
description of action taken by the Committee on Automatic Sprinklers on a proposal by Mr. Peter 
Thomas of The Viking Corporation concerning the table on Sprinkler Discharge Characteristics 
Identification (Table 2-2.2 in 1996 Edition, changed to Table 3-2.3.1 in the 1999 Edition of 
NFPA 13). Mr. Thomas proposed that reference to a nominal 17 K-factor sprinkler should not 
be included in the Table, since it was not required for use with either standard or extended 
coverage sprinkler spacing, and that nominal 22 K-factor and 30 K-factor sprinklers would be 
preferred for extended coverage Extra Hazard and, possibly, for High-Piled Storage occupancies. 
However, the Thomas proposal did not consider, or reference, thermal sensitivity characteristics 
of the heat-responsive trigger of nominal 22 K-factor or 30 K-factor sprinklers, which would be 
essential to determining suitability of sprinklers for use as extended coverage upright and 
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pendent spray sprinklers protecting Extra Hazard and High-Piled Storage occupancies in 
accordance with the 1999 Edition of NFPA 13. 

[0023] Although guidelines for installation of extended coverage upright and pendent spray 
sprinklers in Extra Hazard and High-Piled Storage occupancies were included in the 1996 Edition 
of NFPA 13, prior to the present invention, neither Underwriters Laboratories Inc. (UL) Standard 
UL199, entitled "Standard for Automatic Sprinklers for Fire-Protection Service," nor Factory 
Mutual Research Corporation (FM) Standard Class Series 2000, entitled "Approval Standard 
for Automatic Sprinklers for Fire Protection," contained any reference to listing and/or 
approval requirements for use of extended coverage upright and pendent spray sprinklers in Extra 
Hazard and High-Piled Storage occupancies, even though both documents contained explicit 
listing and/or approval test requirements for use of extended coverage upright and pendent spray 
sprinklers in Light Hazard and Ordinary Hazard occupancies. 

[0024] Furthermore, Meyer et al. U.S. 5,366,022, and the subsequent related patents listed 
above, suggested that the heat-responsive trigger in extended coverage sprinklers for use in Light 
Hazard and Ordinary Hazard occupancies should provide the quickest possible response times, in 
order to activate the sprinkler as soon as possible after the beginning of a fire. Meyer et al. 
further suggested that the response time index (RTI) of the heat-responsive trigger should be 
less than 100 meter /2 sec' /2 (m /2 s A ) and preferably less than 50 meter ,/2 sec' /2 (m'V 2 ). Also, the 
Meyer et al. patents teach that sprinklers with a K- factor greater than 8.7 are preferred for 
extended coverage sprinklers for use in Light Hazard and Ordinary Hazard occupancies, in order 
to minimize the water pressure required at the inlet end of the internal passageway through the 
body of the sprinkler, and thereby to reduce possible need for a booster pump in the sprinkler 
system water supply to establish adequate pressure for water fed into the inlet ends of the 
sprinklers. 

Summary of the Invention 

[0025] According to one aspect of the invention, a low pressure (e.g., 7 psig minimum), 
extended coverage, fire protection sprinkler, suitable for use in protection of at least extra hazard 
and high piled storage occupancies, in accordance with the 1999 Edition of NFPA 13, comprises 
a body defining an internal passageway extending between an inlet end and an opposite outlet 
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end, the internal passageway having a K-factor of greater than about 16.0, where K-factor 
equals average flow of water in gallons per minute through the internal passageway divided 
by square root of pressure of water fed into the inlet end of the internal passageway in pounds 
per square inch gauge, the outlet end having an axis; a deflector mounted to the body by at 
least one support arm extending from the body and in alignment with the axis and spaced 
from the outlet end of the internal passageway, at a position with an inner surface of the 
deflector opposed to flow of water from the outlet end of the internal passageway, the inner 
surface of the deflector being configured and arranged to deflect flow of water generally radially 
outwardly and downwardly of the sprinkler; and a thermally-responsive closure assembly 
mounted in a manner to secure the outlet end of the internal passageway against flow of water in 
a non-fire condition and to release in response to a predetermined temperature condition 
indicative of a tire to permit flow of water from the outlet end of the internal passageway, the 
thermally-responsive closure assembly comprising a closure element and a heat-responsive 
trigger mounted to releasably secure the closure element at the outlet end of the internal 
passageway, the heat-responsive trigger having a response time index of at least about 15 
meter' /2 sec t/2 (mV 2 ) and less than about 120 meter /2 sec /2 (mV 2 ). 

[0026] According to another aspect of the invention, a low pressure, extended coverage, 
upright-type fire protection sprinkler, suitable for use in protection of at least extra hazard and 
high piled storage occupancies, in accordance with the 1999 Edition of NFPA 13, comprises a 
body defining an internal passageway extending between an inlet end and an opposite outlet end, 
the internal passageway having a K-factor of greater than about 16.0, where K-factor equals 
average flow of water in gallons per minute through the internal passageway divided by square 
root of pressure of water fed into the inlet end of the internal passageway in pounds per square 
inch gauge, the outlet end having an axis; a deflector mounted to the body by at least one support 
arm extending from the body and disposed in alignment with the axis and generally above and 
spaced from the outlet end of the internal passageway, at a position with an inner surface of the 
deflector opposed to flow of water from the outlet end of the internal passageway, the inner 
surface of the deflector being configured and arranged to deflect flow of water generally radially 
outwardly and downwardly of the sprinkler; and a thermally-responsive closure assembly 
mounted in a manner to secure the outlet end of the internal passageway against flow of water in 
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a non-fire condition and to release in response to a predetermined temperature condition 
indicative of a fire to permit flow of water from the outlet end of the internal passageway, the 
thermally-responsive closure assembly comprising a closure element and a heat-responsive 
trigger mounted to releasably secure the closure element at the outlet end of the internal 
passageway, the heat-responsive trigger having a response time index (RTI) of at least about 15 
meter' /2 sec ,/2 (mV 2 ) and less than about 120 meter ,/2 sec /2 (mV 2 ). 

[0027] Preferred embodiments of these aspects of the invention may include one or more the 
following additional features. The response time index (RTI) is at least about 15 meter /2 sec /2 
(mV 72 ) and less than about 50 meter /2 sec /2 (m /2 s /2 ), preferably the RTI is at least about 15 
meter /2 sec /2 (m A s A ) and less than about 35 meter /2 sec /2 (m /2 s /2 ), and more preferably the RTI is 
about 23 meter' /2 sec ,/2 (mV 72 ). The K- factor is between about 18 and about 41, preferably 
between about 21 and about 35, more preferably between about 23 and about 27, and still more 
preferably the K- factor is about 25.2. The heat-responsive trigger comprises a fusible solder 
element, preferably with a response time index (RTI) less than about 50 meter 1/2 sec /2 (mV 4 ), and 
more preferably less than about 35 meter /2 sec /2 (m /2 s /2 ). Also, preferably, the heat-responsive 
trigger has a nominal release temperature of about 155°F or above. The sprinkler is disposed in 
an array, with a first sprinkler spaced apart from an adjacent sprinkler in the array at a minimum 
distance of about 10 feet from the axis, in a first direction generally perpendicular to a plane 
generally of at least one support arm and the axis, and in a second direction generally coplanar 
with the plane generally of at least one support arm and the axis, whereby the first sprinkler has a 
rectangular fire protection area of about 100 square feet. The sprinkler is disposed in an array, 
with a first sprinkler spaced apart from an adjacent sprinkler in the array at a distance of about 14 
feet from the axis, in a first direction generally perpendicular to a plane generally of at least one 
support arm and the axis, and in a second direction generally coplanar with the plane generally of 
at least one support arm and the axis, whereby the first sprinkler has a rectangular fire protection 
area of about 196 square feet. The pressure of water fed into the inlet end of the internal 
passageway is in the range of about 7 pounds per square inch to about 175 pounds per square 
inch. The sprinkler, disposed in an array of sprinklers, is suitable for use in protection of at least 
extra hazard and high piled storage occupancies, with the water supply requirements for the 
sprinklers being determined in accordance with the area/density calculation methods of the 1999 
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Edition of NFPA 13. The sprinkler, disposed in an array of sprinklers, is suitable for use in 
protection of at least extra hazard and high-piled storage occupancies, with the water supply 
requirements for the sprinklers being determined in accordance with the area/density calculation 
methods of the 1999 Edition of NFPA 13 for an area of sprinkler operation of about 2400 
square feet or less, and preferably about 2000 square feet. The inner surface of the deflector 
defines a generally planar central area intersecting and generally perpendicular to the axis, a 
redirecting area comprising four slanted redirecting surfaces extending from a radially outer 
peripheral edge of the central area, each at a predetermined acute angle, relative to a horizontal 
plane through the central area, with a radially outer perimeter of the slanted redirecting surfaces 
being axially relatively closer to the outlet than the central area, and a plurality of spaced-apart 
tines extending from the radially outer perimeter of the slanted redirecting surfaces, towards the 
outlet, at predetermined tine angles, measured relative to the axis, with the intersections of 
adjacent slanted redirecting surfaces of the inner surface of the deflector defining channels, the 
channels extending radially outwardly and downwardly of the central area to enlarged, scalloped 
openings defined by adjacent of the spaced-apart tines at corner regions of the radially outer 
perimeter of the slanted redirecting surfaces with centers of the channels disposed at about 45° to 
a plane generally of at least one support arm and the axis, thereby to direct a relatively 
lengthened flow of water toward the corner regions of the predetermined spray pattern disposed at 

o 

about 45 to the plane generally of at least one support arm and the axis. 
[0028] According to still another aspect of the invention, an upright-type fire protection 
sprinkler comprises a body defining an internal passageway extending between an inlet end and 
an opposite outlet end, the internal passageway having a K-factor of greater than about 9.0, where 
K- factor equals average flow of water in gallons per minute through the internal passageway 
divided by square root of pressure of water fed into the inlet end of the internal passageway in 
pounds per square inch gauge, the outlet end having an axis; and a deflector mounted to body by 
at least one support arm extending from the body and disposed in alignment with the axis and 
generally above and spaced from the outlet end of the internal passageway, at a position with an 
inner surface of the deflector opposed to flow of water from the outlet end of the internal 
passageway, the inner surface of the deflector being configured and arranged to deflect flow of 
water generally radially outwardly and downwardly of the sprinkler; the inner surface of the 
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deflector defines a generally planar central area intersecting and generally perpendicular to the 
axis, a redirecting area comprising a plurality of three or more slanted redirecting surfaces 
extending from a radially outer peripheral edge of the central area, each at a predetermined acute 
angle, relative to a horizontal plane through the central area, with the radially outer perimeter of 
the slanted redirecting surfaces being axially relatively closer to the outlet than the central area, 
and a plurality of spaced-apart tines extending from the radially outer perimeter of the slanted 
redirecting surfaces, towards the outlet, at predetermined tine angles, measured relative to the 
axes. 

[0029] Preferred embodiments of this aspect of the invention may include one or more the 
following additional features. The three or more slanted redirecting surfaces are substantially 
planar. Preferably, the redirecting area comprises four slanted redirecting surfaces, and. more 
preferably, each slanted redirecting surface is symmetrical about a vertical plane generally 
through its center, with an intersection of each vertical plane with the slanted redirecting surface 
defining the predetermined acute angle, measured relative to the horizontal plane through the 
central area. Preferably, the predetermined acute angle is between about 10° and about 40°, more 
preferably between about 15° and about 35°, and still more preferably between about 20° and 
about 30°. 

[0030] According to one aspect of this preferred embodiment, the sprinkler is a low 
pressure, extended coverage, upright type fire protection sprinkler, suitable for use in protection 
of at least extra hazard and high piled storage occupancies, in accordance with the 1999 Edition 
of NFPA 13, and the internal passageway has a K- factor greater than about 16.0, more preferably 
the K-factor is about 25.2, and still more preferably the predetermined acute angle is about 20°. 
The deflector comprises two or more spaced-apart tines extending from the radially outer 
perimeter of each slanted redirecting surface towards the outlet. Preferably, the deflector 
comprises three or more spaced-apart tines extending from the radially outer perimeter of the 
slanted redirecting surface towards the outlet. More preferably, the deflector comprises five 
spaced-apart tines extending from the radially outer perimeter of the slanted redirecting 
surface towards the outlet. The predetermined tine angle of the two or more spaced-apart tines is 
between about 0° and about 25° and preferably between about 5° and about 20°. The 
predetermined tine angle of the three or more spaced-apart tines is between about 0° and about 
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25° and preferably between about 5° and about 20°. The predetermined tine angle of the five 
spaced-apart tines is between about 0 and about 25° and preferably between about 5° and 

o 

about 20 . The five spaced-apart tines extending from the radially outer perimeter of the 
slanted redirecting surface towards the outlet are characterized by different predetermined tine 
angles. For example, three adjacent spaced-apart tines extending from a middle region of the 
slanted redirecting surface towards the outlet are characterized by a predetermined tine angle 

o o 

between about 3 and about 1 1 , and two other spaced-apart tines extending from opposite outer 
regions of the slanted redirecting surface towards the outlet are characterized by a predetermined 
tine angle between about 9° and about 17°. Preferably, the three adjacent spaced-apart tines 
extending from the middle region of the slanted redirecting surface towards the outlet are 
characterized by a predetermined tine angle of about 7°, and the two other spaced-apart tines 
extending from the opposite outer regions of the slanted redirecting surface towards the outlet are 
characterized by a predetermined tine angle of about 13°. The vertical plane through center 
regions of a first opposing pair of slanted redirecting surfaces is substantially perpendicular to a 
plane generally of at least one support arm and the axis. Preferably, the vertical plane through 
center regions of a second opposing pair of the slanted redirecting surfaces is substantially 
coplanar to a plane generally of at least one support arm and the axis. More preferably, the 
deflector comprises two or more spaced-apart tines extending from the radially outer perimeter of 
each of the first opposing pair of slanted redirecting surfaces and three or more spaced-apart 
tines extending from the radially outer perimeter of each of the second opposing pair of slanted 
redirecting surfaces. Preferably, the spaced-apart tines extending from each of the first 
opposing pair of slanted redirecting surfaces are characterized by a predetermined tine angle 
of between about 5 and about 20°, and the spaced-apart tines extending from each of the second 
opposing pair of slanted redirecting surfaces are characterized by a predetermined tine angle of 
between about 5° and about 20°. 

[0031] According to another aspect of the invention, a low pressure (e.g., 7 psig minimum), 
extended coverage, upright-type fire protection sprinkler, suitable for use in protection of at least 
extra hazard and high piled storage occupancies, in accordance with the 1999 Edition of NFPA 
13, comprises a body defining an internal passageway extending between an inlet end and an 
opposite outlet end, the internal passageway having a K- factor of greater than about 16.0, where 
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K-factor equals average flow of water in gallons per minute through the internal passageway 
divided by square root of pressure of water fed into the inlet end of the internal passageway in 
pounds per square inch gauge, the outlet end having an axis; and a deflector mounted to the body 
by at least one support arm extending from the body and disposed in alignment with the axis and 
generally above and spaced from the outlet end of the internal passageway, at a position with an 
inner surface of the deflector opposed to flow of water from the outlet end of the internal 
passageway, the inner surface of the deflector being configured and arranged to deflect flow of 
water generally radially outwardly and downwardly of the sprinkler in a predetermined spray 
pattern of generally polygonal shape when viewed at a distance of about 3 feet below the 
deflector and at a pressure of about 12 psig at the inlet end of the internal passageway. 
[0032] Preferred embodiments of this aspect of the invention may include one or more the 
following additional features. The polygonal shape spray pattern approximates a rectangular 
shape with the centerline through one set of opposing sides of the rectangular shape being 
substantially perpendicular to a plane generally of at least one support arm and the axis. 
Preferably, the rectangular shape has minimum dimensions of about 6 feet on a side. 
[0033] According to still another aspect of the invention, a low pressure (e.g., 7 psig minimum), 
extended coverage, upright-type fire protection sprinkler, suitable for use in protection of at least 
extra hazard and high piled storage occupancies, in accordance with the 1999 Edition of NFPA 
13, comprises a body defining an internal passageway extending between an inlet end and an 
opposite outlet end, the internal passageway having a K-factor of greater than about 16.0, where 
K-factor equals average flow of water in gallons per minute through the internal passageway 
divided by square root of pressure of water fed into the inlet end of the internal passageway in 
pounds per square inch gauge, the outlet end having an axis, and a deflector mounted to the 
body by at least one support arm extending from the body and disposed in alignment with the 
axis and generally above and spaced from the outlet end of the internal passageway, at a position 
with an inner surface of the deflector opposed to flow of water from the outlet end of the internal 
passageway, the inner surface of the deflector being configured and arranged to deflect flow of 
water generally radially outwardly and downwardly of the sprinkler in a predetermined spray 
pattern such that water collects at a minimum rate of about 0.15 gallon per minute per square foot 
in a one foot by one foot area centered at about a 9 foot radius from the axis in any direction at 
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about 45 to a plane generally of at least one support arm and the axis at a distance of about 4 feet 
below the deflector and at a pressure of about 16 psig at the inlet end of the internal passageway. 
[0034] In a preferred embodiment of this aspect of the invention, the minimum rate of 
water collected in the one foot by one foot area centered at the 9 foot radius from the axis in any 

o 

direction at about 45 to a plane generally of at least one support arm and the axis at the distance 
of about 4 feet below the deflector and at the pressure of about 16 prig at the inlet end of the 
internal passageway is about 0.20 gallon per minute per square foot. 
[0035] According to still another aspect of the invention, a low pressure, extended coverage, 
upright-type fire protection sprinkler, suitable for use in protection of at least extra hazard and 
high piled storage occupancies, in accordance with the 1999 Edition of NFPA 13, comprises a 
body defining an internal passageway extending between an inlet end and an opposite outlet end, 
the internal passageway having a K-factor of greater than about 16.0, where K- factor equals 
average flow of water in gallons per minute through the internal passageway divided by square 
root of pressure of water fed into the inlet end of the internal passageway in pounds per square 
inch gauge, the outlet end having an axis; and a deflector mounted to the body by at least one 
support arm extending from the body and disposed in alignment with the axis and generally 
above and spaced from the outlet end of the internal passageway, at a position with an inner 
surface of the deflector opposed to flow of water from the outlet end of the internal 
passageway, the inner surface of the deflector being configured and arranged to deflect flow 
of water generally radially outwardly and downwardly of the sprinkler in a predetermined spray 
pattern such that more water is collected in a one foot by one foot area centered at about an 8 foot 
radius from the axis in any direction at about 45° to a plane generally of at least one support arm 
and the axis, than in either the direction of the plane generally of at least one support arm and the 
axis, or in a direction perpendicular to the plane generally of at least one support arm and the axis, 
at a distance of about 3 feet below the deflector and at a pressure of about 16 psig at the inlet end 
of the internal passageway. 

[0036] According to another aspect of the invention, a low pressure, extended coverage, 
upright-type fire protection sprinkler, suitable for use in protection of at least extra hazard and 
high piled storage occupancies, in accordance with the 1999 Edition of NFPA 13, comprises a 
body defining an internal passageway extending between an inlet end and an opposite outlet end, 
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the internal passageway having a K- factor of greater than about 16.0, where K-factor equals 
average flow of water in gallons per minute through the internal passageway divided by square 
root of pressure of water fed into the inlet end of the internal passageway in pounds per square 
inch gauge, the outlet end having an axis; and a deflector mounted to the body by at least one 
support arm extending from the body and disposed in alignment with the axis and generally above 
and spaced from the outlet end of the internal passageway, at a position with an inner surface of 
the deflector opposed to flow of water from the outlet end of the internal passageway, the inner 
surface of the deflector being configured and arranged to deflect flow of water generally radially 
outwardly and downwardly of the sprinkler in a predetermined spray pattern such that water 
collects at a minimum average rate of about 0.05 gallon per minute per square foot at a distance 
of about 10 feet below the deflector and at a pressure of about 16 psig at the inlet end of the 
passageway, in a 20 foot long array of one foot by one foot pans disposed parallel to a plane 
generally of at least one support arm and the axis, the longitudinal centerline of the 20 foot 
long array of pans being horizontally offset 10 feet from either side of the plane generally of at 
least one support arm and the axis, and the lateral centerline of the 20 foot long array of pans 
being located along an orthogonal plane perpendicular to the plane generally of at least one 
support arm and the axis, and intersecting the axis. 

[0037] According to yet another aspect of the invention, a low pressure, extended coverage, 
upright-type fire protection sprinkler, suitable for use in protection of at least extra hazard and 
high piled storage occupancies, in accordance with the 1999 Edition of NFPA 13, comprises a 
body defining an internal passageway extending between an inlet end and an opposite outlet end, 
the internal passageway having a K-factor of greater than about 16.0, where K-factor equals 
average flow of water in gallons per minute through the internal passageway divided by square 
root of pressure of water fed into the inlet end of the internal passageway in pounds per square 
inch gauge, the outlet end having an axis; and a deflector mounted to the body by at least one 
support arm extending from the body and disposed in alignment with the axis and generally above 
and spaced from the outlet end of the internal passageway, at a position with an inner surface of 
the deflector opposed to flow of water from the outlet end of the internal passageway, the inner 
surface of the deflector being configured and arranged to deflect flow of water generally radially 
outwardly and downwardly of the sprinkler in a predetermined spray pattern such that water 
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collects at a minimum average rate of about 0.07 gallon per minute per square foot at a distance 
of about 10 feet below the deflector and at a pressure of about 16 psig at the inlet end of the 
passageway, in a 20 foot long array of one foot by one foot pans disposed parallel to a plane 
generally of at least one support arm and the axis, the longitudinal centerline of the 20 foot long 
array of pans -being horizontally offset 10 feet from either side of the plane generally of at least 
one support arm and the axis, and the lateral centerline of the 20 foot long array of pans being 
located along an orthogonal plane perpendicular to the plane generally of at least one support 
arm and the axis, and intersecting the axis. 

[0038] According to still another aspect of the invention, a low pressure, extended coverage, 
upright-type fire protection sprinkler, suitable for use in protection of at least extra hazard and 
high piled storage occupancies, in accordance with the 1999 Edition of NFPA 13, comprises a 
body defining an internal passageway extending between an inlet end and an opposite outlet end, 
the internal passageway having a K-factor of greater than about 16.0, where K- factor equals 
average flow of water in gallons per minute through the internal passageway divided by square 
root of pressure of water fed into the inlet end of the internal passageway in pounds per square 
inch gauge, the outlet end having an axis; and deflector mounted to the body by at least one 
support arm extending from the body and disposed in alignment with the axis and generally above 
and spaced from the outlet end of the internal passageway, at a position with an inner surface of 
the deflector opposed to flow of water from the outlet end of the internal passageway, the inner 
surface of the deflector being configured and arranged to deflect flow of water generally 
radially outwardly and downwardly of the sprinkler in a predetermined spray pattern such that 
water collects at a minimum average rate of about 0.09 gallon per minute per square foot at a 
distance of about 10 feet below the deflector and at a pressure of about 16 psig at the inlet end of 
the passageway, in a 20 foot long array of one foot by one foot pans disposed parallel to a plane 
generally of at least one support arm and the axis, the longitudinal centerline of the 20 foot long 
array of pans being horizontally offset 10 feet from either side of the plane generally of at least 
one support arm and the axis, and the lateral centerline of the 20 foot long array of pans being 
located along an orthogonal plane perpendicular to the plane generally of at least one support arm 
and the axis, and intersecting the axis. 
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[0039] A fire protection sprinkler can be characterized by its discharge coefficient or K-factor, 
which equals average flow of water in gallons per minute through the internal passageway of 
the sprinkler divided by square root of the pressure of water fed into the inlet end of the internal 
passageway in pounds per square inch gauge. The discharge coefficient is governed to a large 
degree by the smallest cross sectional area of the internal passageway, in combination with the 
contour of the internal passageway. Discharge coefficients or K- factors are described as 
"nominal" values. Typically, "nominal" K-factors are expressed in standard sizes. Section 3- 
2.3 of the 1999 Edition of NFPA 13 "Standard for the Installation of Sprinkler Systems," 
provides guidelines for allowable "nominal" K-factors as well as the range of individual K-factor 
values permitted over the range of allowable water pressures at the inlet end of the internal 
passageway of the sprinkler, from minimum to maximum. For example, a sprinkler with a 
nominal K-factor of 16.8 encompasses a range of allowable values from 16.0 to 17.6, while a 
sprinkler with a nominal K-factor of 25.2 encompasses a range of allowable values from 23.9 
to 26.5. 

[0040] Sprinkler response to a fire condition (activation) is a function of a number of 
parameters. These include: temperature rating of the sprinkler; thermal sensitivity of the 
heat-responsive trigger portion of the sprinkler thermally-responsive closure assembly; initial 
ambient temperature conditions; ceiling height above the burning fiiel; horizontal distance from 
the sprinkler(s) to the vertical fire axis; vertical distance from the ceiling to the sprinkler heat- 
responsive trigger; ceiling configuration and compartmentalization factors: and the rate of heat 
release from the fire, as described in the Seventh Edition of the "Automatic Sprinkler Systems 
Handbook." edited by Milosh T. Puchovsky, P.E., the Response Time Index or "RTF is a 
measure of thermal sensitivity as it relates to thermal inertia of the heat responsive trigger of an 
automatic sprinkler. RTI is substantially insensitive to the temperature rating of the sprinkler. 
The RTI value of a specific design for the heat-responsive trigger of an automatic sprinkler is 
determined experimentally by the use of a wind tunnel. The equation used for calculating RTI, 
and an apparatus and test procedure suitable for experimentally determining the parameters 
necessary to the calculation of RTI, are found, e.g., in the Factory Mutual Research Corporation 
"Approval Standard for Automatic Sprinklers for Fire Protection," Class Series 2000, dated 
May 1998, the complete disclosure of which is incorporated herein by reference. The 1999 
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Edition of NFPA 13 (referenced above) defines a sprinkler as being of the quick-response or fast- 
response type if its thermal sensitive element (i.e., heat-responsive trigger) has an RTI of 50 
meter /2 sec' /2 (m /2 s /2 ) or less, and a sprinkler is defined as being of the standard-response type if its 
thermal sensitive element has an RTI of 80 meter 2 sec 2 (mV) or more. 
[0041] The invention described herein, in an embodiment, termed a "25.2 K- factor Model 
EC-25" upright sprinkler, combines the attributes of a K- factor of greater than about 16 with a 
heat-responsive trigger having an RTI of at least about'15 meter ,/2 sec /2 (m /2 s /2 ) and less than about 
120 meter /2 sec /2 (m /2 s /2 ) to provide an extended coverage-type Special Sprinkler suitable for use 
in protection of Extra Hazard and High-Piled Storage occupancies with a maximum protection 
area of up to 196 square feet and installation in accordance with applicable installation criteria 
of the 1999 Edition of NFPA 13, with low pressures (e.g., 7 psig minimum) at the inlet end of 
the internal passageway through the body of the sprinkler. 

[0042] UL and the Factory Mutual Research Corporation (FM), an FM Global Affiliate, 
initiated consideration of qualification test programs necessary to establish suitability of any type 
of extended coverage sprinkler for use in protection of Extra Hazard and High-Piled Storage 
occupancies, with a maximum protection area per sprinkler of 196 square feet, only after they 
were specifically requested to establish Listing and/or Approval programs for the 25.2 K- factor 
Model EC-25 upright sprinkler. No Listing Agency, as defined by the 1999 Edition of NFPA 13 
(e.g., UL and FM), has established a minimum RTI requirement for the heat-responsive trigger 
of any type of automatic sprinkler for fire protection service. 

[0043] Fires involving the types of commodities present in Extra Hazard and High-Piled 
Storage occupancies have relatively high rates of heat release. Therefore, a sufficiently 
thermally sensitive, heat-responsive trigger (i.e., having an RTI less than a specified value) is 
required so that, prior to activation of sprinkler(s) in closest proximity to the fire, the fire is 
restricted from growing to such a size that it could overwhelm the flow of water discharged over 
the fire area. If a fire is not so restricted, the heat wave from the fire could activate sprinklers 
outside the immediate fire area, thus depleting the supply of water available to fight the fire and, 
potentially, allowing the fire to grow in size with more sprinklers activating still further away 
from the immediate, initial fire area. However, the heat-responsive trigger of extended coverage 
type of Special Sprinklers of this invention must also be sufficiently thermally insensitive (i.e., 
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having an RTI of at least a specified value), in order to reduce the possibility that heat-responsive 
elements of sprinklers outside the immediate fire area will be prematurely heated to an activation 
temperature, thus also depleting the supply of water available to fight the fire, as described above. 
[0044] The details of one or more embodiments of the invention are set forth in the 
accompanying drawings and the description below. Other features, objects, and advantages 
of the invention will be apparent from the description and drawings, and from the claims. 

Description Of Drawings 

[0045] FIG. 1 is a perspective view of a low pressure, extended coverage, upright-type fire 
protection sprinkler of the invention; 

[0046] FIG. 2 is a front elevational view of the low pressure, extended coverage, upright- 
[0047] type fire protection sprinkler of FIG. 1 ; 

[0048] FIG. 3 is a side elevational view of the low pressure, extended coverage, upright-type 
fire protection sprinkler of FIG. 1; 

[0049] FIG. 4 is a top plan view of the low pressure, extended coverage, upright-type fire 
protection sprinkler of FIG. 1; 

[0050] FIG. 5 is a bottom view of the low pressure, extended coverage, upright-type fire 
protection sprinkler of the invention; and 

[0051] FIG. 6 is a side sectional view of the low pressure, extended coverage, upright-type fire 
protection sprinkler of another embodiment of the invention, taken at the line 6-6 of FIG. 2. 
[0052] Like reference symbols in the various drawings indicate like elements. 

Detailed Description 

[0053] Referring to FIGS. 1-6, an upright-type fire protection sprinkler 10 of the invention 
includes a one-piece frame 12 having a body 14 defining an internal passageway 16 that extends 
between an inlet end 18 and an opposite outlet end 20. Cooperating threads 22 provided on the 
outside surface 24 of the body in the region of the inlet end 18 and in the internal passageway 16 
permit the sprinkler 10 to be coupled to a threaded fitting, TF (shown in dashed line), adapted 
for connection to a supply pipe, SP (also shown in dashed line in FIG. 1), for delivery of 
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water, or other fire fighting fluid. The outlet end 20 of internal passageway 16 has an axis, 
A. 

[0054] The frame 12 further typically includes a pair of support arms 32, 34 extending 
generally away from opposite sides of the outlet end 20 of the body 14 and meeting to form 
an apex 36. The apex is aligned with axis, A, and positioned generally above and spaced from the 
outlet end 20 of the internal passageway. A deflector 38, supported by the apex 36, has an inner 
deflector surface 40 opposed to flow of fire-fighting fluid, e.g., water, from the outlet end 20 of 
the internal passageway 16, the inner deflector surface 40 being configured and arranged to 
deflect flow of fire-fighting fluid generally radially outwardly and downwardly of the sprinkler 
10. 

[0055] At the outlet end 20 of the body 14, the frame 12 is enlarged into a hexagonally shaped, 
circumferential flange 42, with major, opposite parallel flat surfaces or "flats" 44, 46. The 
flats are positioned for engagement with an open-ended wrench or a specially designed 
sprinkler wrench having a hexagonally shaped recess for threading and tightening the sprinkler 
10 into the threaded fitting, TF, for connection to the supply pipe, SP. 

[0056] In a standby or non-fire condition, e.g., as shown in FIGS. 1, 2, 3 and 6, a thermally - 
responsive closure assembly 26, having a closure element 28 and a heat-responsive trigger 30, is 
mounted to the sprinkler body 14 in a manner to releasably secure the outlet end 20 of the internal 
passageway 16 against flow of water. In response to a predetermined temperature condition 
indicative of a fire, the heat-responsive trigger 30 separates, releasing closure assembly 26, to 
permit flow of water from the supply pipe, SP, through the internal passageway 16, and out 
through the outlet end 20. 

[0057] Referring again to FIGS. 1-6, the inner deflector surface 40 defines a generally planar 
central area 48, intersecting and generally perpendicular to the axis, A, and a redirecting area 50, 
consisting of a plurality, e.g., four are shown, of slanted, preferably planar, redirecting surfaces 
52A, 52B, 52C, 52D. extending from a radially outer peripheral edge 54 of the central area 48. 
Each of the redirecting surfaces is slanted at a predetermined acute angle, Sa, Sb, So Sd, relative 
to a horizontal plane, C, through the central area 48, and a radially outer perimeter 56 of the 
slanted redirecting surfaces 52A, 52B, 52C, 52D of the redirecting area 50 lies axially relatively 
closer to the outlet end 20 than the central area 48. A plurality of spaced-apart tines 58 extend 

-20- 



Attorney Docket No. 052250-5014-01 

from the radially outer perimeter 56 of the slanted redirecting surfaces 52A, 52B, 52C, 52D, 
towards the outlet end 20, at predetermined tine angles, T, measured relative to the axis, A. Each 
slanted redirecting surface 52A, 52B, 52C, 52D is symmetrical about a vertical plane, V A , V B , 
Vc, Vd, respectively, generally through its center and the axis, with an intersection of each 
vertical plane, V A , V B , Vc, V D , with its respective slanted redirecting surface 52A, 52B, 52C, 
52D defining the predetermined acute angle, S A , S B , Sc, Sd, measured relative to the horizontal 
plane, C, through the central area 48. In a preferred embodiment of a sprinkler 10 of the 
invention having a K-factor of at least about 9.0, the predetermined acute angle, S A , S B , Sc, Sd, is 
between about 10° and about 40°, preferably between about 15° and about 35°, and more 
preferably between about 20° and about 30°. 

[0058] Referring still to FIGS. 1-6, in a preferred embodiment of the fire protection sprinkler 
10, three or more of the spaced-apart tines 58 extend from each respective segment 56A, 56B, 
56C, 56D of the radially outer perimeter 56 of each slanted redirecting surfaces 52A, 52B, 52C, 
52D of the redirecting area 50, towards the outlet end 20, with predetermined tine angles, T, 
measured relative to the axis, of the spaced-apart tines 58 between about 0° and about 25°, and 
preferably between about 5° and about 20°. Preferably, four or more spaced apart tines 58 extend 
from the radially outer perimeter segments 56A, 56B, 56C, 56D of the slanted redirecting area 50 
towards the outlet end 20, with predetermined tine angles, T, between about 0° and about 25°, and 
preferably between about 5° and about 20°. More preferably, five spaced-apart tines 58, as 
shown in FIGS. 1-6, extend from the radially outer perimeter segments 56A, 56B, 56C, 56D of 
the slanted redirecting areas 50 towards the outlet end 20, with predetermined tine angles, T, 
between about 0° and about 25°, and preferably between about 5° and about 20°. 
[0059] The five spaced-apart tines 58 may also be characterized by relatively different 
predetermined tine angles. For example, referring to FIG. 5, the three adjacent spaced-apart 
tines 58B, 58C, 58D extending from a middle region of each of the radially outer perimeter 
segments 56A, 56B, 56C, 56D of the slanted redirecting area 50 towards the outlet end 20 is 
characterized by a predetermined tine angle, T, e.g., between about 3° and about 11°, and the 
two other spaced-apart tines 58 A, 58E extending from opposite outer regions of each of the 
radially outer perimeter segments 56A, 56B, 56C, 56D of the slanted redirecting area 50 towards 
the outlet end 20 may be characterized by a predetermined tine angle, T, e.g., between about 9° 
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and about 17 . Preferably, the predetermined tine angle, T, of tines 58B, 58C, 58D is about 7 
and the predetermined tine angle, T, of tines 5 8 A, 58E is about 13°. 

[0060] Intersections of the slanted, planar redirecting surfaces 52A, 52B, 52C, 52D of the 
inner surface 40. of the deflector 38 define formations or channels 60 radially bounded by 
creases 61 (FIG. 5). The shape of the formations may vary, e.g., with the value of the 
predetermined acute angle, S A , S B , S c , S D . For example, for a value of S A , S B , S c , S D of about 

0 

20 , the shape of the formations preferably approximates that of a triangle; and, for a value of Sa, 

o 

Sb, Sc, Sd of about 30 , the shape of the formations preferably approximates that of a 
rectangle. Each formation or channel 60 extends radially outwardly and downwardly of the 
central area 48 to an enlarged, scalloped opening 62 (see, e.g., FIG. 2). The scalloped openings 
62 are defined by adjacent spaced-apart tines 58 at corner regions of the radially outer perimeter 
56 of slanted redirecting surfaces 52A, 52B, 52C, 52D, disposed at about 45° to the plane, P, 
generally of the support arms 32, 34, which is generally coplanar with the supply pipe, SP. As 
a result, a relatively lengthened flow of water is directed towards each corner region of the 
predetermined spray pattern disposed at about 45° to the supply pipe, SP. 
[0061] Referring again to FIG. 1, according to one aspect of the invention, a fire protection 
sprinkler 10 of the invention has the form of a low pressure (e.g., 7 psig minimum), extended 
coverage fire protection sprinkler, suitable for use in protection of at least extra hazard and high 
piled storage occupancies, in accordance with the 1999 Edition of NFPA 13. The fire protection 
sprinkler 10 has a nominal discharge coefficient or K-factor of greater than about 16.0. In 
preferred embodiments, the K-factor is between about 18 and about 41, preferably between about 

21 and about 35, more preferably between about 23 and about 27, and most preferably the K- 
factor is about 25.2. and each predetermined acute angle, Sa-S d , is about 20°. Also in 
preferred embodiments, the Response Time Index, or RTI, of the heat-responsive trigger 30 of the 
thermally-responsive closure assembly 26 of sprinkler 10 is at least about 15 meter 72 sec 72 (mV 72 ) 
and less than about 120 meter^sec' 72 (m'V 72 ), preferably at least about 15 meter' /2 sec ,/2 (mV 72 ) and 
less than about 50 meter /2 sec /2 (mV 72 ), more preferably at least about 15 meter^sec' 72 (mV 72 ) and 
less than about 35 meter' /2 sec ,/2 (mV 72 ), and most preferably about 23 meter^sec 72 (mV 72 ). 
[0062] The heat-responsive trigger 30, e.g., as described in Martin et al. U.S. 4,893,679, the 
complete disclosure of which is incorporated herein by reference, consists of two, thin metallic 
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links joined in face-to-face relationship by a thin layer of fusible solder. In the preferred 
embodiment, the links are formed of nickel alloy UNS N02201 per ASTM B 152. Each link has 
a thickness, e.g., of about 0.0055 inch, and the fusible solder layer has a thickness, e.g., of 
about 0.001 inch. The trigger 30 has an overall width, e.g., of about 0.78 inch and an overall 
length, e.g., of about 0.88 inch. Martin et al. '679, in one embodiment, describes a heat- 
responsive trigger having a Response Time Index (RTI) between 40 f\ A stc A (f 2 s /2 ) and 65 ft Vl 
sec 72 (f ,/2 s >/2 ), i.e., between i.e., 22 meter' 72 sec 72 (rn /2 s' /r ) and 36 meter 72 sec' 72 (m' /2 s' /2 ), as measured in 
accordance with the Factory Mutual Research Corp. (FM) Approval Standard (dated June 18, 
1996) in force at that time for establishing the approval requirements for Early Suppression-Fast 
Response Automatic Sprinklers. The FM requirements for Response Time Index (RTI) of 
Early Suppression-Fast Response Automatic Sprinklers have since been revised to specify 
limits of 35 ft'W 72 (fV 2 ) to 65 f^sec* (fV 2 ), i.e., 19 meter' 72 sec' 72 (mV 2 ) to 36 meter 72 sec' 72 
(m ,/2 s ,/2 ), as recited in Section 4.24.1 of Class Number 2008 Standard, dated August 1996. 
This FM standard does not recite any RTI requirements for low pressure (e.g., 7 psig 
minimum), extended coverage, fire protection sprinkler suitable for use in protection of at least 
extra hazard and high-piled storage occupancies, in accordance with the 199 Edition of NFPA 13. 
[0063] In full scale fire testing conducted by FM for Grinnell Corporation Model EC-25 
uprights sprinklers (25.2 K-factor. 165°F nominal fuse temperature rating, with an RTI of at least 
about 15 meter 72 sec' 72 (m /2 s /2 ) and less than about 35 meter 72 sec' 72 (m ,/2 s ,/2 )) embodying the 
invention, only a relatively few sprinklers, all in the immediate vicinity of the test fire, were 
activated. A few examples from this fire testing are provided below. 
[0064] Example 1 

[0065] For full-scale fire testing, four tiers of Class 2 commodity were stacked in a double row 
rack arrangement to a height of 19 feet, 8 inches beneath a ceiling 30 feet high. Grinnell 
Corporation Model EC-25 sprinklers, as described above, were installed in an array on centers of 
14 feet by 14 feet, with constant operating pressure of 8.5 psig (e.g., nominal discharge per 
sprinkler of 73.5 gallons per minute) at inlet ends of the sprinklers. A fire was ignited adjacent to 
the floor and in a position centered below four of the Model EC-25 sprinklers. The fire was 
rapidly subdued by operation of only four sprinklers in the immediate vicinity of the fire area. 
[0066] Example 2 
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[0067] For full-scale fire testing, three tiers of Cartoned Group A unexpanded plastic 
commodity were stacked in a double-row rack arrangement to a height of 14 feet, 8 inches 
beneath a ceiling 25 feet high. Grinnell Corporation Model EC-25 sprinklers, as described above, 
were installed in an array on centers of 10 feet by 10 feet, with constant operating pressure of 7 
psig (e.g., nominal discharge per sprinkler of 67 gallons per minute) at inlet ends of the 
sprinklers. A fire was ignited adjacent to the floor and in a position centered below one of the 
Model EC-25 sprinklers. The fire was rapidly subdued by operation of only the one sprinkler 
directly over the fire area. 
[0068] Example 3 

[0069] For full-scale fire testing, three tiers of Cartoned Group A unexpanded plastic 
commodity were stacked in a palletized arrangement to a height of 15 feet, 3 inches beneath a 
ceiling 25 feet high. Grinnell Corporation Model EC-25 sprinklers, as described above, were 
installed in an array on centers of 14 feet by 14 feet, with constant operating pressure of 22 psig 
(e.g., nominal discharge per sprinkler of 1 18 gallons per minute) at inlet ends of the sprinklers. A 
fire was ignited adjacent to the floor and in a position centered below four of the Model EC-25 
sprinklers. The fire was rapidly subdued by operation of only two sprinklers in the immediate 
vicinity of the fire area. 

[0070] A number of embodiments of the invention have been described. Nevertheless, it will be 
understood that various modifications may be made without departing from the spirit and scope 
of the invention. For example, although in the presently preferred embodiment, as described 
above, the deflector is mounted to the body by a pair of support arms, other numbers of 
support arms are contemplated, e.g. one support arm, or three or more support arms. Where other 
than two support arms, arrayed at 180° are employed, a plane of the support arms means a plane 
generally through at least one support arm and through the axis, A. Accordingly, other 
embodiments are within the scope of the following claims. 
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